fatty acid composition and on the risk factors of CHD. For this purpose, we selected elderly subjects who had decreased delta-6 desaturase activity in adipose tissues (12). The age-related decrease in delta-6 desaturase activity has been well-defined in animal models (13, 14) and leads to a relative deficiency of the long-chain fatty acid derivatives as well as the cyclooxygenase and lipoxygenase metabolites of linoleic acid and ALA. Since the conversion of ALA to EPA and DHA is anticipated to be decreased in elderly subjects, if the conversion of ALA to EPA and DHA could be observed in elderly subjects, it may be observed at younger ages. Although, there is much epidemiological evidence to indicate that dietary n-3 fatty acids have favorable effects on atherosclerosis, their mechanism(s) are controversial. For example, some studies have clearly demonstrated that a high intake of n-3 fatty acids increases vulnerability to lipid oxidation (11, (15) (16) (17) (18) (19) , which may promote atherosclerosis. To answer this question, after a 10 mo feeding of perilla oil (PO) diet which might increase serum n-3 fatty acid levels, we measured OxLDL levels directly in vivo by ELISA using an antibody specific to OxLDL. In addition, the effects of an increase in dietary ALA on the risk factors of CHD were examined.
Effects
of Dietary a-Linolenic Acid 761 METHODS Subjects and protocol. Twenty (7 male and 13 female) volunteers aged 67-91 years living in a nursing home for elderly people were asked to use commercially available perilla oil (PO) instead of soybean oil (SO) as cooking oil for 10 mo. The study protocol was approved by the nursing home ethics committee and informed consent was obtained from each participant. This study complied with the code of ethics of the World Medical Association (Declaration of Helsinki). Blood was drawn from the antecubital vein with the subject in the fasted state at 1 mo before the beginning of intervention (baseline period), at 3 and 10 mo after beginning the PO diet (intervention), and at 3 mo after the end of intervention (washout period). At the same time, body weight was measured and percent body fat was estimated by the impedance method (TBF-401, Tanita, Tokyo, Japan). For at least 6 mo before the experiment, participants used SO as cooking oil. The average amount of cooking oil was about 6.1g/d in both PO and SO diets. Commercially available SO and PO were purchased from Showa Sangyo (Kobe, Japan) and Ohta Oil (Aichi, Japan), respectively. The subjects did not take anti-thrombotics, lipid-lowering or anti-diabetic drugs which might affect this study, but some subjects took anti-hypertensive and sleeping drugs which might not affect the results of this study throughout the experimental period. One female subject died of an asthma attack during the washout period. Two female subjects transferred to another nursing home between 3 and 10 mo after the PO diet. Thus, there are some missing data at 10 mo after the PO diet. Fatty acid compositions of SO and PO were measured as described previously (20) and are shown in Table 1 . Food was always served from the metabolic kitchen in the nursing home facility. Thus, the calculated nutrients served daily in the SO and PO diets are accurate and reliable. By the dietitian in the nursing home, the meal menu of each day was set to 6.6-6.7MJ/d (about 1,600kcal/d), which on a caloric basis consisted of about 60% carbohydrate, 21% fat, and 18% protein. Average daily fish intake was kept relatively constant during the baseline, intervention and washout periods, usually given one serving (50-70g) per day to avoid the effects of dietary fish on this PO diet experiment. Table 1 . Major fatty acids composition of cooking oils used in this study.
a wt/wt .
The average daily intake of the nutrients in these two diets are shown in Table 2 . Means and SE in Table 2 were calculated from randomly assigned 28-d food records for each diet. The food records were analyzed by a computer program (Microsoft Excel Eiyo-kun Ver. 2.0, Kenpakusha, Tokyo, Japan) based on Japanese food tables (21). Plasma lipid and lipoprotein determinations. For fatty acid analysis in total serum, lipids were extracted from serum with a chloroform-methanol mixture and saponified with alcoholic KOH. Fatty acids were methyl-esterified with BF3 methanol and the methyl-esters were analyzed by gas-liquid chromatography. The compositions of individual serum fatty acids were expressed as percentage of the total area of all fatty acid peaks. Serum VLDLs, LDLs, and HDLs were separated by sequential ultracentrifugation.
Cholesterol and triacylglycerol concentrations in isolated lipoprotein fractions were measured by enzymatic colorimetric methods with commercial kits (Kyowa Medex, Tokyo, Japan). Other laboratory measurements. The amount of serum lipid peroxides was determined by a colorimetric kit in which hemoglobin catalyzes the reaction of hydroperoxides with a methylene blue derivative, forming an equimolar con centration of methylene blue (24) . Serum vitamin E (a-tocopherol) was measured by a fluorometric method (25) .
Plasma glucose concentration was assessed by the glucose oxidase-enzymatic complained of mild diarrhea 1 or 2wk after the initiation of PO diets, but it did not continue thereafter. Table 2 shows the average daily intake of energy and nutrients in the two diets. By replacing SO with PO, the n-6/n-3 ratio in the diet was changed from 4:1 to 1:1. The fatty acid composition in serum is shown in Table 3 . ALA in total serum lipids increased from 0.8 to 1.6% after 3 mo on the PO diet, but EPA and DHA increased at a later time, at 10 mo after the PO diet, from 2.5 to 3.6% and 5.3 to 6.4%, respectively (Table 3) . Thus, total n-3 increased when given the PO diet from 9.4 to 9.9% (3 mo, NS) and to 12.4% (10 mo, p<0.05). These increases returned to baseline levels in the washout period. When the change of serum EPA of individual subjects was examined, all men and most women showed increased serum EPA at Effects of Dietary a-Linolenic Acid 765 10 mo after the PO diet, irrespective of their baseline serum EPA levels (Fig. 1) . A similar pattern was observed for DHA (data not shown). These changes were not due to seasonal variations of lipid profiles because the baseline data and 10 mo data were obtained both in early spring (baseline data in March and 10 mo data in February), and 3 mo data and washout data were both obtained in early summer (3 mo data in July and washout data in June). Changes in serum lipid and lipoprotein concentrations are shown in Table 4 . Total and lipoprotein cholesterol and triglyceride concentrations did not change significantly, but their concentrations tended to decrease during the PO diet.
As shown in Table 5 , although there was a significant increase of serum n-3 fatty acid, OxLDL concentration measured by the ELISA method and the absolute amount of lipid hydroperoxides measured by the methylene blue method did not change significantly. Along with these findings, plasma vitamin E concentration (a EZAKI et al Fig. 1 . Changes of EPA percent in total serum during baseline, intervention (3 and 10 mo) and washout periods. Changes in serum EPA of individual subjects from 7 males and 11 females are presented. Subjects who had missing data in any period were excluded. major antioxidant) also did not change. When the change in OxLDL concentration of individual subjects was examined, one male showed increased OxLDL only in the washout period, while 3 out of the 13 female subjects showed increased OxLDL throughout the experimental period and 2 women increased OxLDL in the washout period (Fig. 2) . Thus, LDL oxidation may not be related to the increase of n-3 fatty acids in serum lipids.
Since EPA and DHA accumulation in platelet phospholipids inhibits platelet aggregation (26) , several hemostatic variables were examined. Platelet count, prothrombin time and active partial thromboplastin time (APTT), plasma fibrinogen and PAT-1 concentrations did not change during the PO diet (data not shown). Collagen and ADP-induced platelet aggregation did not change significantly at two different collagen and ADP concentrations (data not shown).
Under the conditions where total energy was 6.62 MJ/d (about 1,600 kcal/d) and fat content was 22% of total energy, body weight, BMI, and percent body fat did not change significantly during the experimental period (data not shown). Fasting plasma glucose, serum insulin concentration, and serum HbA1, HbAlc and fructosamine concentrations did not change (data not shown). Routine blood analysis such as red and white cell count, hemoglobin concentration, hematocrit, total protein, GOT, GPT, ALP, y-GTP, and blood urea nitrogen concentration in the serum were all within normal range and did not change significantly throughout the study (data not shown). EZAKI et al Fig. 2 . OxLDL concentrations during baseline, intervention (3 and 10 mo) and washout periods. At 10 mo after the PO diet, one man and 2 women failed to participate in the OxLDL measurement. One woman died during the washout period . The same individual subject in Fig. 1 is shown with the same symbol .
DISCUSSION
The intervention strategy of this study under a low-fat diet condition was to study the metabolic effects by decreasing the dietary ratio of n-6/n-3 in a practical setting in elderly subjects. This study clearly demonstrated that, even in elderly subjects, just by replacing cooking oil from SO to PO, which led to a 3g/d increase in dietary ALA, the total amount of n-3 fatty acids in the serum could be increased . ALA in total serum lipids increased from 0.8 to 1.6% after 3 mo of the PO diet , but EPA and DHA increased at a later time, at 10 mo after the PO diet, from 2 .5 to 3.6% and from 5.3 to 6.4%, respectively (Table 3) . Thus, after 10 mo of the PO diet, total n-3 fatty acids in the serum increased from 9 .4 to 12.4%. These increases returned to baseline levels in the washout period. The change of serum EPA and DHA concentrations may not be due to the variations of amount of fish intake since the daily intake of fish was kept relatively constant throughout the experimental period. Previous short-term studies indicated that 20g/d of ALA supplementation for 56 d to Americans resulted in 3.2% of ALA in the serum (0.2% of ALA in a basal sunflower diet), but did not change EPA and DHA levels in the serum (10), and 20g/d of ALA supplementation for 1 mo to Australians resulted in 3.5% of ALA in the serum (0.4% of ALA in a basal sunola oil diet) and 1.6% of EPA (0.6% of EPA in the basal sunola oil diet) but did not change the DHA level in the serum (11). Twenty grams of dietary ALA increased serum ALA by 3% (10,11), while 3g dietary ALA increased serum ALA by 0.8% ( Table 3) , indicating that the incorporation of dietary ALA into VLDL or LDL is dose-dependent. The conversion of ALA to EPA and DHA is not straightforward. The addition of 20 g dietary ALA increased serum EPA by 1% for 1 mo (11) and also 3g dietary ALA increased EPA by 1% for 10 mo (Table 3 ). It is possible that the increases in EPA and DHA by dietary ALA did not reach plateau levels and that a 1 mo-period is not long enough to observe serum EPA and DHA increases. Since the conversion of dietary ALA to EPA and DHA of the VLDL may occur in the liver and/or adipose tissues, this conversion will take a long time. However, our study clearly showed that even elderly subjects who might have decreased delta-6-desaturase activity (12) in adipose tissues can convert ALA to EPA and DHA sufficiently within a 10 mo ueriod. The average percent of total n-3 fatty acid concentration in caucasians living in the United States is about 2.5% (8) . The higher basal n-3 fatty acid concentration in Japanese may be attributed to a higher intake of fish. The average intake of fish by Japanese (27) is about 4 times higher than that of Americans (28) . Our data also indicated that Japanese elderly subjects who already had higher EPA and DHA levels can further increase EPA and DHA levels by using a PO diet. Indeed, Fig.  1 shows that baseline EPA levels did not affect the dietary ALA-induced increase in EPA. Thus, dietary EPA and DHA and dietary ALA independently increase serum EPA and DHA levels.
Although there is an increase of n-3 fatty acids in the serum, there is no significant increase of OxLDL levels. The epitope of this antibody resides in oxidized products of phosphatidylcholine that can form complexes with polypeptides, including apo B. Although we do not know whether OxLDL detected by this antibody contributes to the pathogenesis of atherosclerosis or is simply a "marker" of atherosclerosis, OxLDL levels detected by this antibody in patients with CHD and those undergoing hemodialysis increased 1.7 and 8-fold, respectively, when compared to control subjects (23, 29). There was a significant inverse relationship between ALA content of LDL and lag time of LDL (i.e., the period before oxidation could be detected) ( Fig. 2 from Ref. 11 ). Since the fatty acid profiles of serum lipids and LDL behaved similarly (11) and most of the subjects on the PO diet did not increase OxLDL levels (Fig. 2) irrespective of their increased ALA contents in lipoproteins (Table 3) , actual LDL oxidation in vivo may not occur as a result of the PO diet.
The PO diet had a minimal effect on plasma lipid profiles. Thus , we failed to observe a significant triacylglycerol decrease, which is usually observed by increasing dietary n-3 fatty acids (30) . The high basal serum EPA and DHA levels in the elderly Japanese subjects may explain why we did not observe ALA-induced hypotriglycemic effects.
This study has demonstrated that the replacement of SO with PO in cooking oil, even in elderly subjects, can increase serum n-3 fatty acid without any major adverse effects. The small increase of ALA from seed oil may be a good candidate to increase serum n-3 fatty acids which may lead to the prevention of CHD. 
